Context. 1987A-like events form a rare sub-group of hydrogen-rich core-collapse supernovae that are thought to originate from the explosion of blue supergiant stars. Although SN 1987A is the best known supernova, very few objects of this group have been discovered and, hence, studied. Aims. In this paper we investigate the properties of SN 2009E, which exploded in a relatively nearby spiral galaxy (NGC 4141) and that is probably the faintest 1987A-like supernova discovered so far. We also attempt to characterize this subgroup of core-collapse supernovae with the help of the literature and present new data for a few additional objects. The overall spectroscopic evolution is reminiscent of that of the faint 56 Ni-poor type II-plateau supernovae. This suggests that SN 2009E belongs to the low-luminosity, low 56 Ni mass, low-energy tail in the distribution of the 1987A-like objects in the same manner as SN 1997D and similar events represent the faint tail in the distribution of physical properties for normal type II-plateau supernovae. Conclusions.
Introduction
The explosion of supernova (SN) 1987A in the Large Magellanic Cloud (LMC) was an epic event not only because it was the nearest SN in a period of about 4 centuries, but also because it changed significantly the general understanding of the destiny of massive stars. It was commonly believed that hydrogen-rich (H-rich) type II plateau supernovae (SNe IIP) were generated by the explosion of red supergiant (RSG) stars. However, the unusual photometric evolution of SN 1987A, with a broad light curve peak reached about 3 months after the explosion instead of the classical plateau observed in H-rich SNe, and the direct detection of the progenitor star in pre-explosion images changed this general view and proved that the precursor of this SN in the LMC was instead a blue supergiant (BSG, Arnett et al. 1989 and references therein).
Due to their intrinsic rarity and faint early time luminosity, only very few 1987A-like objects were discovered in the past. Good datasets therefore exist only for a handful of objects (SN 1998A, Woodings et al. 1998 , Pastorello et al. 2005 SN 2000cb, Hamuy 2001 , Kleiser et al. 2011 SNe 2006V and 2006au, Taddia et al. 2011 . In analogy with SN 1987A, some of these objects show broad, delayed light curve peaks in all bands (e.g. SN 1998A), while others (e.g. SN 2000cb and SN 1982F) show 1987A-likeness only in the red bands, while the blue bands display a rather normal type IIP behaviour.
In this context, the discovery of a new sub-luminous SN with a light curve comparable to that of SN 1987A, but with other observed properties (fainter intrinsic luminosity at peak, smaller synthesized 56 Ni mass and lower expansion velocity of the ejected material) resembling those of some underluminous type IIP SNe (Turatto et al. 1998 , Benetti et al. 2001 , Pastorello et al. 2004 , 2009 ) is even more interesting. This paper is organized as follows: in Section 2 we give basic information on SN 2009E and its host galaxy, and we present photometric and spectroscopic observations of the SN. In Section 3 we discuss the properties of the progenitor star and the explosion parameters as derived from the characteristics of the nebular spectrum and by modelling the SN observations. In Section 4 we analyse the general properties of the family of SNe similar to SN 1987A, whilst the rate of these events is computed in Section 5. Main conclusions are given in Section 6. Finally, an Appendix has been included to present our sample of 1987A-like events (Appendix A), and to compare the light curves of well monitored objects with those of SN 1987A (Appendix B).
Observations of SN 2009E
2.1. The host galaxy NGC 4141 is classified by HyperLeda 1 as an SBc galaxy, rich in H II regions (NED 2 ). Kewley et al. (2005) estimated the integrated oxygen abundance to be log(O/H) + 12 = 8. 60 (8.74 in the nucleus). They also estimated a star formation rate (SFR) from the integrated flux of Hα, viz. ∼ 0.6 M ⊙ yr −1 . Adopting the recessional velocity corrected for Local Group infall into Virgo quoted by HyperLeda (v Vir = 2158 ± 20 km s −1 ) and a Hubble constant H 0 = 72 ± 5 km s −1 Mpc −1 , we obtain a distance of about 29.97 ± 2.10 Mpc (i.e. distance modulus µ = 32.38 ± 0.35 mag). The Galactic extinction in the direction of NGC 4141 is very low, i.e. E(B − V) = 0.02 mag . Narrow interstellar Na I λλ5889,5895 (hereafter Na ID) absorption at the host galaxy rest wavelength is marginally detected in the SN spectra, with an equivalent width (EW) of about 0.12 Å. Adopting the relation between EW NaID and interstellar extinction from Turatto et al. (2003) , we find a host galaxy reddening of E(B − V) = 0.02 mag 3 . The total colour excess in the direction of SN 2009E is therefore E(B − V) = 0.04 mag.
The discovery of SN 2009E
SN 2009E was discovered in the spiral galaxy NGC 4141 on January 3rd, 2009, at an unfiltered magnitude of 17.8 (Boles 2009 ). With the distance and reddening estimated in Section 2.1, the absolute magnitude at the discovery was about −14.7.
The position of SN 2009E is α = 12
h 09 m 49 s .56 ± 0 s .03, δ = +58
• 50 ′ 50. ′′ 3 ± 0. ′′ 1 (equinox J2000.0), which is 17. ′′ 2 East and 6. ′′ 9 South of the center of the host galaxy. According to Boles (2009) , nothing was visible in pre-explosion images obtained on 2008 February 6th (to limiting magnitude of 19.5). We also found pre-explosion archive g ′ , R c and I c images 4 obtained on 2008 February 24th at the 0.5-m telescope of the Akeno Observatory/ICRR (Yamanashi, Japan) and no source brighter than V = 19.5, R = 19.6, I = 18.8 mag was visible at the SN position. In this paper, we will adopt January 1.0 UT (JD=2454832.5, see Section 2.3) as an indicative epoch for the core-collapse.
NGC 4141 also hosted the type II SN 2008X (Boles 2008; Madison et al. 2008; Blondin et al. 2008) , that exploded 7.
′′ 6 East and 4.
′′ 6 North of the nucleus of the galaxy. Interestingly, SN 2008X was another sub-luminous (M R ≈ −14.9, Boles 2008) event. The classification spectrum of SN 2008X obtained a few weeks after the explosion showed that it was a type II SN (Blondin et al. 2008) , although with rather narrow spectral lines, similar to those observed in SN 2005cs (Pastorello et al. 2006) .
Probably the faint apparent magnitude of SN 2009E discouraged astronomers to promptly classify this object. However, later on, Prosperi & Hurst (2009) noted that SN 2009E brightened by 1−1.5 mag during the subsequent two months, and only at about 80 days from the discovery the object was classified by Navasardyan et al. (2009) as a type II SN around the end of the H recombination phase. SN 2009E appeared to show some similarity with the peculiar SN 1987A, especially in the late-time light curve brightening and the unusual strength of the Ba II P-Cygni lines. The most obvious differences were in the lower luminosity and the much narrower spectral features.
Light Curves
Whilst professional astronomers initially missed to follow this transient object, amateur astronomers monitored SN 2009E extensively, and it is thanks to their efforts that we can now recover information on the early flux evolution. Most images collected during the period January 2009 to May 2009 were from amateur observations. Since the end of March, we started multiband photometric and spectroscopic follow-up observations with larger, professional telescopes. All photometric data were reduced with standard techniques in IRAF 5 . Images were first overscan, bias and flat-field corrected. Then, photometric measurements of filtered images were performed using a PSF-fitting technique because suitable template images were not available. However, since the SN location was quite peripheral in the galaxy arm, its luminosity largely exceeded that of the surroundings, except at very late epochs when the SN became weak. We estimated the uncertainty due to the non-flat background by placing in all images several artificial stars close to the SN location. The adopted errors were the r.m.s. of the recovered artificial star PSF magnitudes. Multi-band zero-points for the different nights were computed through observations of standard stellar fields (Landolt 1992) obtained during the same nights as the SN observations. The SN magnitudes were finally fine tuned with reference to a sequence of stars in the field of NGC 4141 (see Figure 1 ), calibrated by averaging magnitudes measured in selected photometric nights. The magnitudes of the local sequence stars are shown in Table 1 , while the final SN magnitudes are reported in Table  2 .
Since a number of unfiltered pre-explosion images of NGC 4141 were available, magnitude measurements on the amateurs' images were performed with the PSF-fitting technique after subtraction of the best seeing host galaxy template image. In this way we minimized the contamination of the background sources near the SN location. The subsequent photometric calibration was performed with the prescriptions discussed in Pastorello et al. (2008) . Since the detectors used by amateur astronomers in their follow-up campaign of SN 2009E have quantum efficiencies preferentially peaking at ∼ 5700−6500 Å, unfil-5 IRAF is distributed by the National Optical Astronomy Observatories, which are operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation. Menzies et al. 1987; Catchpole et al. 1987 Catchpole et al. , 1988 Catchpole et al. , 1989 Whitelock et al. 1988 Whitelock et al. , 1989 , shifted arbitrarily in magnitude to match the peak magnitudes of SN 2009E. Catchpole et al. 1987 Catchpole et al. , 1988 Catchpole et al. , 1989 Whitelock et al. 1988 Whitelock et al. , 1989 , 1998A (Pastorello et al. 2005) , and 2000cb (Hamuy 2001) . The colour curves of the sub-luminous type IIP SN 2005cs (Tsvetkov et al. 2006; Pastorello et al. 2009 ) is also shown for comparison. 2009E became red in a time scale that is shorter than for classical SNe IIP (about 1 month for SN 2009E, while ∼2 months for type IIP SNe). Between day 30 and day 110, during the recombination phase, the colours remain almost constant. Then, with the post-peak luminosity decline, the SN becomes redder again, reaching B − V ≈ 1.4 between 110 and 140 days after explosion (this is remarkably similar to the4 B − V colour observed in SN 1987A). The V − I colour, instead, peaks at about 200 days (V − I ≈ 1.6 mag), which is a bit earlier than observed for SN 1987A (V − I ≈ 1.4 mag between 230 and 310 days). Subsequently, the colours turn back to the blue again. Unfiltered observations rescaled to R-band magnitudes are marked with the symbol "⋆". The "⋆⋆" symbol marks two epochs in which both filtered (V or I band) The R-band absolute light curve of SN 2009E is shown in Figure 4 , together with those of a number of other type II SNe with a broad, delayed light curve peak, similar to that observed for SN 1987A. In analogy with the early discovery of SN 1987A (Arnett et al. 1989) , also SN 2009E was likely caught soon after the core-collapse. Marginal evidence of the initial sharp peak due to the shock breakout is possibly visible (Figure 4 , panel C), although the large error bars of the unfiltered amateur images make this finding rather uncertain.
Nevertheless , Another remarkable property of SN 2009E is that its R-band light curve peaks at about +96d after core-collapse, significantly later than SN 1987A (∼ +84 days). This suggests different ejecta parameters for SN 2009E (e.g. smaller initial radius, lower expansion velocity or a more massive envelope, see Section 3.2). Interestingly, fainter SNe in our sample seem to reach peak magnitude later than the more luminous ones (see also Appendix B).
Spectra
As mentioned above, the spectroscopic classification of SN 2009E was performed about 80 days after the SN discovery. To our knowledge, no spectra exist to witness the early time evolution of this object. After the SN classification, we started a regular spectroscopic monitoring covering the SN evolution from near maximum light to the nebular phase. Spectra have been reduced in the IRAF environment using standard prescriptions. After the optimal extraction, the SN spectra were wavelength calibrated using arc lamp spectra and then flux calibrated using flux standard stars observed in the same nights as the SN. A final check with photometry was performed in order to fine tune the flux calibration of the spectra, with a remaining uncertainty in the flux calibration of less than 10%. Basic information on the spectra collected for SN 2009E is listed in Table 3 , while the spectral sequence until August 15, 2009 is shown in Figure 5 .
Since the earliest spectrum was obtained about 83 days after the core-collapse, the continuum is quite red, indicative of relatively low temperatures (T bb ≈ 6000 K). All the photospheric spectra show a clear flux deficit at the blue wavelengths (below 4500 Å) that is due to line blanketing from increasingly strong metal lines. These spectra are rich in narrow P-Cygni lines indicating remarkably low velocity of the expanding ejecta. From the position of the minima of the Sc II λ6245 and λ5527 lines, we measured v ph ≈ 1600 km s −1 in our earliest spectrum and about 1000 km s −1 at the end of the photospheric phase ( Figure  6 ). In the same period, the velocity of the unblended Ba II λ6142 line declines from 2200 km s −1 to 1850 km s −1 . In Figure 7 , a late time photospheric spectrum of SN 2009E (phase about 3 months after explosion) is compared with spectra of SN 1987A and the 1987A-like event SN 1998A (Pastorello et al. 2005 ,; see also Figure 7 , top panel), and with spectra of faint SNe IIP (Turatto et al. 1998; Benetti et al. 2001 ; 4000 5000 6000 7000 8000 9000 1987A and under-luminous, 56 Ni-poor type IIP SNe, the narrowness of the spectral lines in SN 2009E is more reminiscent of 1997D-like events (Turatto et al. 1998; Pastorello et al. 2004) .
Together with quite a weak Hα, we clearly identify prominent lines of Na ID, Ca II, O I, Fe II, Ti II, Sc II and Cr II [see Pastorello et al. (2006) for a detailed line identification for underluminous SNe IIP during the photospheric phase, and Benetti et al. (2001) for the nebular phase]. The Ba II lines (multiplet 2) are among the strongest spectral features. This is 4000 5000 6000 7000 8000 9000 4000 5000 6000 7000 8000 9000 a common characteristic of both SN 1987A (Williams 1987; Mazzali et al. 1992; Mazzali & Chugai 1995) and faint SNe IIP (Pastorello et al. 2004 ). The presence of prominent Ba II lines in the photospheric spectra of SN 1987A was interpreted by Tsujimoto & Shigeyama (2001) as a signature of an overabundance of Ba in the outer layers of the SN 6 . However, the presence of prominent Ba II features in underluminous SNe IIP can also be explained invoking temperature effects. The evolution of Na ID is puzzling. The absorption component becomes broader with time (see Figure 5 for the evolution of this spectral feature from 2009 April 16 to May 13). A similar behaviour, although less extreme, is observed also for Hα. This effect is probably due to line blending, with the Ba II λ5854 and λ6497 lines (and possibly of other metal features) having an increasing strength relative to Na ID and Hα respectively. The evolution of the expansion velocities, as deduced from the minima of the P-Cygni of Hα, Na I, Ba II, Fe II and Sc II, is shown in Figure 6 . Metal lines show a monotonic decline and velocities at the end of the plateau phase (1200−1800 km s −1 ) that are only marginally higher than those observed in sub-luminous type IIP SNe (800−1200 km s −1 , see e.g. Turatto et al. 1998; Pastorello et al. 2004 Pastorello et al. , 2009 
Constraining the progenitor of SN 2009E

The ejected oxygen mass
The strength of the [O I] λλ6300,6364 lines in the nebular spectra of core-collapse SNe can be used to roughly estimate the O mass ejected in the SN explosion (Uomoto 1986; Li & McCray 1992; Chugai 1994) . This method has been applied for determining the O masses for a few type IIP SNe (see Maguire et al. 2010 , and references therein). We first make an attempt to estimate the minimum O mass needed to produce the [O I] λλ 6300-6364 feature with the relation between the O mass and the total flux of the doublet presented by Uomoto (1986) . Using the nebular spectrum of SN 2009E, we measure an observed flux F [OI] The only other 1987A-like object with nebular spectra available is SN 1998A (Pastorello et al. 2005) . Using the spectrum at phase ∼ 344 days (see Figure 8 , top), we obtain an O mass in the range 0.24−1.01 M ⊙ .
In order to improve the O mass estimate, we adopt the method already used in Elmhamdi et al. (2003) , which is based on the fact that the luminosity of the [O I] doublet in the nebular phase is known to be powered by the γ-rays produced in the radioactive decays of 56 (Elmhamdi et al. 2003) : 
from Equation 1, we obtain:
Now we have all the ingredients needed to estimate the O mass in SNe 2009E and 1998A from Equation 3 using the information available for SN 1987A (Li & McCray 1992; Chugai 1994 Woosley & Weaver (1995) and Thielemann et al. (1996) , a star with main sequence mass of about 18−20 M ⊙ produces 1.2−1.5 M ⊙ of oxygen and a 56 Ni mass of 0.07-0.1 M ⊙ . This is in excellent agreement with the values observed in SNe 1987A and 1998A. It is more difficult to provide an interpretation for the abundances displayed by SN 2009E (both M O and M56 Ni are smaller by a factor 2 than those of SN 1987A), although we may tentatively guess that the lower O and 56 Ni masses would point toward a lower-mass main sequence star. We remark that the above estimates have been obtained under the simplifying assumption that M exc and η O were the same for SNe 1987A, 1998A and 2009E . This is not necessarily true, since we can reasonably expect a range of values for these parameters in 1987A-like events, and this would significantly affect our O mass estimates.
Modelling the data of SN 2009E
Other physical properties of SN 2009E (namely, the ejected mass, the progenitor initial radius and the explosion energy) have been estimated by performing a model vs. data comparison using two codes that compute the bolometric light curve, the evolution of the ejecta velocity and the continuum temperature at the photosphere of a SN. The first code, based on a simplified semianalytic treatment of the ejecta evolution (Zampieri et al. 2003) , is used to perform a preparatory study in order to constrain the parameter space. The second code, that includes a more accurate treatment of radiative transfer and radiation hydrodynamics (Pumo et al. 2010; Pumo & Zampieri 2011) , computes the tighter grid of models needed for the final comparison. This is similar to the procedure adopted for SN 2007od in Inserra et al. (2011) .
The bolometric light curve was computed from the observed multicolor light curves using the assumptions on extinction and distance modulus reported in Section 2.1. We have adopted the explosion epoch estimated in Section 2.3 (JD = 2454832.5 +2 −5 ). Finally, we have assumed that SN 2009E had the same color evolution as SN 1987A (this is a reasonable assumption, see e.g. Figure 3 ), and hence
where L and L BVRI are the bolometric and quasi-bolometric (BVRI) luminosities of the two SNe (bolometric data for SN 1987A were taken from Catchpole et al. 1987 Catchpole et al. , 1988 . The best χ 2 fit to the bolometric light curve of SN 2009E obtained with the full radiation-hydrodynamics code returned values of a total (kinetic plus thermal) energy (E) of 0.6 foe, an initial radius (R 0 ) of 7 × 10 12 cm, and an envelope mass (M e j ) of 19M ⊙ (see Figure 9) . As a comparison, the fit with the semi-analytic code gave E = 1.3 foe, R 0 = 6 × 10 12 cm, and M e j = 26 M ⊙ (see again Figure 9 ). The parameters inferred from the two best-fits are in reasonable agreement. The envelope mass (and consequently the total energy) are slightly overestimated by the semi-analytic code as a consequence of the different mass distribution. Indeed, given the assumption of uniform density throughout the ejecta, the semi-analytic code tends to gather more mass (and hence more energy) in the external, faster-moving layers. The 56 Ni distribution also affects the mass estimate because, as a consequence of the simplified uniform distribution adopted in the semi-analytic code, less energy is released at the end of the photospheric phase and, hence, a more massive envelope is needed to sustain the recombination phase.
The ejected 56 Ni mass of 0.039 M ⊙ that is adopted in the semi-analytic code is in an excellent agreement with that estimated in Section 2.3, whilst the one inferred from the radiationhydrodynamic code is slightly higher (0.043 M ⊙ ). Since the latter code accounts also for the amount of material which (eventually) falls back onto the central remnant during the postexplosive evolution, the numerical simulations need a larger initial 56 Ni mass to reproduce the observed late-time light curve of SN 2009E.
In Figure 9 the evolutions of the photospheric velocity and temperature are also shown. The agreement between models and observations in the late photospheric phase is good, with possibly some discrepancy in matching the photospheric velocities at later times ( 4 months). The decline of the model velocity profile is faster than that inferred from the observations, probably because some extra radioactive decay heating occurs in the inner part of the ejecta of SN 2009E as a consequence of a different (i.e. more centrally condensed) distribution of 56 Ni. Finally, adopting a mass of the compact remnant of about 2 M ⊙ (and assuming a negligible pre-SN mass loss), we derive a final mass of 21 M ⊙ for the progenitor of SN 2009E, which is slightly higher than our rough estimate obtained throught the O mass estimate (Section 3.1).
SN 2009E and other 1987A-like events
Although 1987A-likeness was claimed for a number of objects in the past (e.g. SNe 1923A, 1948B and 1965L, Schmitz & Gaskell 1988 Young & Branch 1988; van den Bergh & McClure 1989) , reasonable observational evidence exists for only a small number of events 8 . Additionally, for a few of them [SN 2004em, Gal Yam et al. (2007 SN 2005ci, Arcavi et al. (2009 ] data are not published yet or are incomplete. Our limited 1987A-like sample includes the objects that are briefly described in Appendix A (and whose light curves are shown in Appendix B). The sample has been selected among objects that are spectroscopically classified as type II (without showing type IIn-like spectral features), and with light curves showing a slow rise to maximum.
Main parameters of the host galaxies of our sample of 1987A-like events are listed in Table 4 . Remarkably, most SNe in our sample occured in late-type galaxies (Scd or irregular). In addition, some of them were hosted by intrinsically faint (dwarf) galaxies, which are thought to have low-metallicities (see e.g. Young et al. 2010) . However, at least half of the objects of our sample occurred in luminous spirals. Although luminous spirals are believed to be rather metal-rich, the 1987A-like events hosted in such galaxies occurred in peripheral -and hence more metal deficient-regions of the galaxies. Environments with lowto-moderate metallicity (slightly sub-solar) appear to be a fairly common characteristic for 1987A-like objects.
In Table 5 we report the values of some observational parameters for our SN sample. The magnitudes of the broad peaks seem to be correlated with the ejected 56 Ni masses (i.e. the objects with the brightest peak magnitudes are more 56 Nirich). The 56 Ni masses reported in Table 5 have Unfortunately, the sub-sample of 1987A-like SNe with an extensive data sets necessary for modelling is very small. This is necessary to constrain the properties of the progenitor stars. The rather large ejected mass, the moderate amount of synthesized 56 Ni, and the small initial radius found for SN 2009E (Section 3.2) fit reasonably well within the framework of a relatively compact and massive progenitor, and are in a good agreement with the results found in previous works on 1987A-like 8 Another type II SN, 2004ek, may show some similarity with this SN sub-group. Its light curve, published by Tsvetkov (2008) , is rather peculiar, showing a sharp early-time peak, mostly visible in the bluer bands, followed by a pseudo-plateau lasting a couple of months. However, especially in the redder bands, a sort of delayed broad peak is visible, analogous to the one characterizing SNe 1982F and 2000cb. As major differences, SN 2004ek is significantly brighter (M V ≈ -18) and its spectrum, showing an Hα mostly in emission (Filippenko et al. 2004 ) is rather peculiar. For this reason SN 2004ek has been rejected from our sample. 9 The lack of photometric points during the nebular phase did not allow us to obtain reliable estimates for the 56 Ni masses of SN 1982F. The best-fit model computed with the semi-analytic code (total energy 1.3 foe, initial radius 6 × 10 12 cm, envelope mass 26M ⊙ ) is also shown. Top, middle, and bottom panels show respectively the bolometric light curve, the photospheric velocity, and the photospheric temperature as a function of time. As a tracer for the photospheric velocity we measured the positions of the minimum of the P-Cygni profiles of the Sc II lines.
events (see Table 8 in Taddia et al. 2011) . Using an older version of the semi-analytic modelling code than the one adopted here, Pastorello et al. (2005) obtained the following estimates for SNe 1987A and 1998A: E(1987A) 
5 × 10 12 cm, R 0 (1998A) 6 × 10 12 cm. The major difference lies in the ejected 56 Ni masses of SNe 1987A and 1998A, which are ×2 and ×3 larger (respectively) than the one we have derived for SN 2009E (Section 3.2). Explosion parameters for a few additional 1987A-like SNe are also available in the literature (see also Taddia et al. 2011) . Using a one-dimensional Lagrangian radiation-hydrodynamics code, Kleiser et al. (2011) 51 erg) and ejected masses (17 to 22 M ⊙ ), whilst they appear to span a factor of 3 in 56 Ni masses (see also Table 8 in Taddia et al. 2011 , for a summary of the parameters of the best-studied 1987A-like events). It is intriguing to note that the modelling reported above suggest that all the 1987A-like SNe would be produced by the explosions of BSG progenitors that have initial radii ranging between 35 and 90 R ⊙ , and with final masses around 20 M ⊙ . These progenitor masses are systematically higher than those estimated for the RSG progenitors of classical SNe IIP (e.g. Smartt et al. 2009 ). Table 4 . Parameters of the explosion sites of the 1987A-like SNe. In column 3 we report the morphologic types of the host galaxies, in columns 4 and 5 the adopted distance moduli and Galactic extinctions from Schlegel et al. (1998) , in column 6 the B-band absolute magnitudes of the galaxies, in column 7 the ratios between the deprojected position of the SN and r 25 computed following Hakobyan et al. (2009) , in column 8 the oxygen abundances from Pilyugin's relation (computed at 0.4r 25 , Pilyugin et al. 2004) , in column 9 the corrected oxygen abundances from Pilyugin's relation computed at the deprojected SN distance. Rizzi et al. 2007 ). Cepheid distances are found to be too sensitive to metallicity. The metallicity correction is even more crucial in the case of NGC 5457 where inner metal-poor and outer metal-rich cepheids give uncorrected distance moduli that may differ by 0.3-0.4 mags (Saha et al. 2006) . 4 For LMC we adopted a cepheid distance, well consistent with that derived from the TRGB (Sakai et al. 2004; Rizzi et al. 2007 ). 5 SN 1998bt was discovered in the course of the Mount Stromlo Abell cluster supernova search (Germany et al. 2004) . Unfortunately, no spectroscopic classification exists for this SN. According to Germany et al. (2004) , there is a very faint host galaxy at the position of SN 1998bt, but no spectrum was ever obtained of this galaxy. We assume that the galaxy hosting SN 1998bt belongs to a cluster monitored by the search whose average redshift is z = 0.046. 6 Average EPM distance from Table 4 .1 of Hamuy (2001) . 7 Distance as in Taddia et al. (2011) , but obtained adopting an Hubble Constant H 0 = 72 km s −1 Mpc −1 . 8 This galaxy is behind LMC, so the extinction reported here includes both Galaxy and LMC contributions (see text for references). 9 Computed using the position angle provided by Jarrett et al. (2003) . 10 Other sources give 12+log(O/H) ≈ 7.7-7.8 at the position of SN 1909A (Kennicutt et al. 2003; Pilyugin et al. 2004; Bresolin 2007) . 11 An alternative estimate from Pilyugin & Thuan (2007) 
Rate of 1987A-like events
While it would be of interest to know the relative rate of 1987A-like events vs. normal type II SNe, the heterogeneous properties of this class and the uncertainties in the sample population from which the events reported in Table 4 are extracted prevent us from providing any accurate estimates. With the aim to derive an educated guess, the completeness of the SN searches with respect to the 1987A-like objects list can be assessed by comparing the distance modulus distribution of 1987A-like events with that of a suitable reference sample. For the latter, we extracted from the Asiago Supernova Catalogue the list of all type II SNe. If we limit the distance modulus to about 35 mag (at higher redshift incompleteness appears to be significant) it seems that 1987A-like events would account for less than 1.5% of all type II SNe. This value, that can be considered as a lower limit for the relative rate of 1987A-like events, is very similar to that derived by Kleiser et al. (2011) based on the two 1987A-like SNe discovered by the LOSS.
However, the identification of 1987A-like events demands a fairly good light curve coverage that is not available for many of the type II SNe listed in the catalogue. Actually, reasonably good light curves of type II (IIP, IIL, IIb, IIn) SNe exist for about 300 objects. This approximate estimate was obtained including both SNe whose data have been published in literature, and SNe spectroscopically classified whose photometric follow-up information is available in public pages of current SN monitoring programs 11 . From this estimate, we infer that 1987A-like events comprise about 4% of all type II SNe. This has to be considered as a sort of upper limit, since we expect that the astronomical community has been investing more efforts to follow peculiar 1987A-like SNe rather than other type II SN sub-types because of their intrinsical rarity. Therefore, we estimate that SNe photometrically similar to SN 1987A comprise between ∼1.4 and 4% of all type II SNe, corresponding to about 1-3% of all core-collapse SNe in a volume-limited sample (e.g. Smartt et al. 2009; Li et al. 2011) .
Summary
New data for the peculiar type II SN 2009E have been presented. Its light curve is very similar to that of SN 1987A, with a few main differences: the light curve peak is shifted in phase by about +10 days with respect to that of SN 1987A, its luminosity is fainter than that of SN 1987A and the amount of 56 Ni deduced from the luminosity of the radioactive tail is about 0.04M ⊙ . This is the lowest ejected 56 Ni mass estimated for any 1987A-like event studied so far. The spectra of SN 2009E appear to be different from those of SN 1987A (and similar events), while they Table 5 . Adopted parameters for 1987A-like SNe. The total extinction is reported in column 2, the JD of explosion in column 3, the bands in column 4, the JD of the maximum light in column 5, the phase of the broad maximum (in days past explosion) in column 6, the apparent and absolute peak magnitudes in columns 7 and 8 (respectively) and the 56 Ni mass in column 9. The extinction law of Cardelli et al. (1989) a The SN extinction is computed accounting for both Milky Way , see also Column 3 of Table 4 ) and host galaxy reddening components; in the case of NOOS-005, since the host galaxy is projected behind LMC, we also accounted for the contribution of LMC. b Computed using the B-band detections at days +429 and +432, and assuming the same colour evolution as SN 1987A. Using the detection at day +216, we would obtain M( 56 Ni) ≈ 0.35M ⊙ . c Alexeyev & Alexeyeva (2008) and references therein. d The broad delayed maximum typical of 1987A-like SNe is not visible in the B band; here we report the magnitude of the pseudo-plateau visible after the early time B-band maximum. e For a comprehensive information on the multi-band light curve parameters, see Table 7 of Taddia et al. (2011) share major similarities with those of sub-luminous, 56 Ni-poor SNe IIP (e.g. SN 2005cs) in terms of line velocities and relative line strengths.
In analogy with what has been deduced for SN 1987A, also the observed properties of SN 2009E are consistent with those expected from the explosion of a BSG star. Modelling the data of SN 2009E, we obtained a relatively under-energetic explosion (E = 0.6 foe), an initial radius of of 7 × 10 12 cm and an ejected mass of 19M ⊙ , pointing toward a relatively high-mass precursor star (21M ⊙ ), very similar to the BSG progenitor inferred for SN 1987A.
Finally, we compared the observed properties of a dozen of 1987A-like SNe available in the literature, and found that this subgroup of type II SNe shows significant variety in the explosion parameters and in the characteristics of the host galaxies (although they seem to prefer moderately metal-poor environments). This would suggest for these objects a distribution in the space of parameters which is similar to that observed in more classical type IIP SNe, although they are intrinsically rare ( 3% of all core-collapse SNe in a volume-limited sample). 
